) and FRT ( Figure 1B ) every human gene has a counterpart in the mouse, and, sites share an overall structure which includes two 13 among genetic model systems, the mouse is unique in basepair (bp) palindromic sequences, or inverted reits applicability to human organogenesis, immunology, peats, separated by an 8 bp asymmetric core, or spacer, neurobiology, reproduction, behavior, and epigenetics.
or trapped locus, clever strategies have been devised to In RMCE, a selectable marker (such as a fusion gene that permits both positive and negative selection) make insertions and inversions effectively irreversible. Fundamental to these strategies is the finding that Cre flanked by heterotypic sites is inserted into a chromosomal site within the mouse embryonic stem (ES) cell and Flp each tolerate certain variations in their target sequences, but effectively recombine only particular genome by homologous recombination (thereby "tagging" the site); a DNA sequence of choice is then incombinations of these alternative sites.
Variant target sites for Cre and Flp fall into two classes: serted into the tagged site replacing the selectable marker by an exchange step ( Figure 3A ). Cells in which spacer variants and inverted-repeat variants (Table 1) . The first class contains nucleotide substitutions within the DNA swap has occurred are enriched by negative selection. The final product is stable because left in the spacer sequence and exploits the finding that it is spacer length (8 bp), not sequence (Hoess et al., 1986;  cis are heterotypic (incompatible) sites. The success of RMCE, therefore, hinges on the inability of heterotypic Senecoff et al., 1988) , that is critical for efficient recombination, so long as the sequence between participating SSR target sites to recombine with one another. For Flp-mediated RMCE, the spacer variant F 3 and F 5 sites sites is identical (Senecoff and Cox, 1986) . Recombination is therefore efficiently mediated between pairs of have proven impervious to recombination with a wildtype FRT site (Schlake and Bode, 1994). Likewise, for homotypic (e.g., FRT/FRT or F 3 /F 3 ) but not heterotypic (e.g., FRT/F 3 ) sites. Such exclusivity is the basis of the Cre-mediated RMCE, the spacer variant sites lox2272 Table 1 ). attB and attP, named for the attachment sites for the phage integrase on the bacterial and phage genomes, respectively, both contain imperfect inverted repeats that are likely bound by φC31 homodimers (Groth et al., 2000) . The product sites, attL and attR, are effectively inert to further φC31-mediated recombination (Belteki et al., 2003) , making the reaction irreversible. For catalyzing insertions, it has been found that attB-bearing DNA inserts into a genomic attP site more readily than an attP site into a genomic attB site ( of the recombinase-encoding transgene. Thus, continurate of dox clearance, was reported to take from 24 hr to a week, depending on the tissue examined (Kistner ous tet administration is required to prevent tTA binding to tetO and for the suppression of recombinase expreset al., 1996). Target silencing using tTA, on the other hand, was achieved in embryos after 6 hr, and possibly sion. In order to induce recombinase expression, tet administration is suspended, enabling tTA to bind to sooner as earlier time points were not examined (Shin et al., 1999) . Taking advantage of the kinetics achieved tetO. By contrast, a "reverse" tTA (termed rtTA) has been engineered that only binds tetO in the presence of tet for gene activation and silencing using the rtTA and tTA systems, respectively, it was determined that endothelin ( Figure 5C ). Using rtTA, recombinase expression is induced by the administration of tet, thereby enabling rtTA receptor-B expression is required for a restricted period of neural crest development, between embryonic days to bind to tetO.
In addition to their converse mechanisms of tetO bind-10 and 12.5 (Shin et al., 1999 ). An important point to consider when using the tet ing, rtTA and tTA also differ significantly in their kinetics of transcriptional activation. Using rtTA, transgene exsystem is that tight regulation of recombinase expression depends on the integration site of the tetO::recompression has been detected within 1 hr of dox administration in adults ( Using chromosome engineering, an arsenal of reagents predicted, HAT-resistant colonies were isolated at depreviously limited to Drosophila is being assembled for creasing frequencies as the distance between loxP sites the mouse, including marked deletions, duplications, increased. In addition, recombination in cis occurred roughly 200 times more frequently than in trans. Thus and inversions that collectively span the genome. These reagents will greatly increase the efficiency and flexibilintercrossing with the appropriate deleter strain, resulting in a chromosome tagged at the same genetic ity of genetic screens and mapping studies conducted in mice (for example, see Kile et al., 2003) . Deletions, location with either eCFP or eYFP. Two key attributes of this marker system are (1) that they may be used to often referred to as deficiencies, render a segment of the genome haploid and so can be used in focused F1 identify individuals carrying a marked chromosome at any developmental stage, including embryos, unlike or F2 screens for recessive mutations. Deletions are also useful for mapping studies if their endpoints are coat-color markers that are restricted to postnatal animals, and (2) that they may be used to dominantly mark, known, and those generated with the Cre-loxP system have the advantage that their endpoints are predeterin theory, any position within the genome with either of two fluorescent tags, and thus could be used to facilitate mined at the nucleotide level, unlike those produced by ionizing radiation, for example. Cre-loxP site-specific targeted genetic screens at any region within the genome. To assess the utility of the transgene CX-YNC, it recombination has also enabled the construction of nested deletions series (Su et al., 2000) , useful for mapwas randomly inserted into ES cells and the insertion sites mapped by plasmid rescue. ES cells in which the ping recessive mutations to progressively smaller intervals. Such deletions have been isolated by embedding transgene had integrated as a single copy were readily isolated and found to strongly and uniformly express the first of two loxP sites at a fixed position in the genome by conventional gene-targeting, followed by random inboth markers. One ES cell line was used to generate mice in which dual color fluorescence was easily visualtegration of the second site using a recombinant retrovirus. Deletions and their complementary duplications, ized throughout development, including in pre-and postimplantation embryos, newborn pups, and adult attainable using the Cre-loxP system, are extremely useful for classifying uncharacterized mutations, such as mice. Widespread cyan and yellow fluorescence was observed in all organs and tissues examined, including those isolated in ENU mutagenesis screens. For example, a mutation can be classified as a bona fide lossthe brain, heart, lung, skin, and skeletal muscles. This transgene could be homozygosed with no effect on viaof-function allele if (1) it fails to complement an overlying deletion for a given mutant phenotype and (2) 
